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
$EVWUDFW²7UDQVFUDQLDO 'RSSOHU 8OWUDVRXQG 7&' LV RQH RI
WKHWHFKQLTXHVWKDWKDYHEHHQXVHGIRUVWURNHGLDJQRVLV7KLVSDSHU
FRPSDUHV WKH SRWHQWLDO RI WKUHH DSHULRGLF VSDUVH DUUD\
FRQILJXUDWLRQV UDQGRP DUUD\ VXQIORZHU VSLUDO DUUD\ DQG ORJ
VSLUDO DUUD\ IRUDSSOLFDWLRQ WR 7&' 7RFRYHU WKH IXOO WHPSRUDO
ZLQGRZ D PP GLDPHWHU FLUFXODU DSHUWXUH LV VHOHFWHG ZLWK D
0+] RSHUDWLQJ IUHTXHQF\ WR PDWFK FXUUHQW 7&'
LQVWUXPHQWDWLRQ $ ' PRGHO GHYHORSHG LQ 0$7/$% VLPXODWHV
WKH IDU ILHOG GLUHFWLYLW\ IXQFWLRQ E\ DSSO\LQJ WKH ' ))7 RQ DQ
DUUD\¶VDSHUWXUHIXQFWLRQ7ZRHYDOXDWLRQFULWHULD3HDN6LGHOREH
/HYHO 36/DQG ,QWHJUDWHG6LGHOREH 5DWLR ,6/5DUH XVHG WR
DVVHVV WKH SHUIRUPDQFH RI HDFK DUUD\ FRQILJXUDWLRQ 6LPXODWLRQ
UHVXOWVGHPRQVWUDWHWKDWDFRPSURPLVHEHWZHHQ36/DQG,6/5LV
UHTXLUHG WR VHOHFW D VXLWDEOH WUDQVGXFHU FRQILJXUDWLRQ IRU
IDEULFDWLRQ DQG IXUWKHU HYDOXDWLRQ 7KHVH HYDOXDWLRQ UHVXOWV
GHPRQVWUDWHWKDWWKHORJVSLUDODUUD\FRQILJXUDWLRQKDVGHVLUDEO\
ORZ36/UHODWLYH WR WKHRWKHUVZKLOH WKH VXQIORZHU VSLUDO DUUD\
SHUIRUPV EHWWHU LQ WHUPV RI ,6/5 &RQVLGHULQJ WKLV GHVLJQ
HYDOXDWLRQDSURWRW\SHDUUD\EDVHGRQDORJVSLUDOOD\RXWKDVEHHQ
PDQXIDFWXUHG&KDUDFWHUL]DWLRQRIWKHSURWRW\SHDUUD\VKRZWKDW
LWSHUIRUPVDVSUHGLFWHG
.H\ZRUGV² ' VSDUVH DUUD\ 7UDQVFUDQDO 'RSSOHU 8OWUDVRXG
7&'DUUD\FKDUDFWHUL]DWLRQ
, ,1752'8&7,21
7UDQVFUDQLDO 'RSSOHU 8OWUDVRXQG 7&' LV D QRQLQYDVLYH
WHFKQLTXH WKDW KDV EHHQ ZLGHO\ XVHG LQ VWURNH GLDJQRVLV DQG
WUHDWPHQW VLQFH  >@ ,Q DGGLWLRQ WR LWV QRQLQYDVLYH
DGYDQWDJHLWIXUWKHUEHQHILWVIURPSRUWDELOLW\DQGORZH[SHQVH
RI XOWUDVRXQG GHYLFHV +RZHYHU DW SUHVHQW PRVW RI WKH
FRPPHUFLDO7&'V\VWHPVXVHVLQJOHHOHPHQWWUDQVGXFHUVRU'
DUUD\WUDQVGXFHUVZKLFKKDYHOLPLWHGEHDPVWHHULQJIOH[LELOLW\
DQGLPDJLQJFDSDELOLW\>@0RUHRYHUWKHVHNLQGVRIWUDQVGXFHUV
KDYHWREHPDQXDOO\RSHUDWHGE\VNLOOHGRSHUDWRUVGXULQJWKHWHVW
7KXV WKH UHVXOWV FDQ EH KLJKO\ DIIHFWHG E\ KXPDQ IDFWRUV
&RQVLGHULQJWKHVHGUDZEDFNV LWLVDQWLFLSDWHGWKDWRQHZD\WR
LPSURYH7&'LVE\XVLQJ'DUUD\WUDQVGXFHUVHPEHGGHGZLWKLQ
DQDSSURSULDWHO\GHVLJQHGKHDGIUDPH7KH'DUUD\WUDQVGXFHUV
KDYHEHWWHULPDJLQJFDSDELOLW\ZKLOHWKHKHDGIUDPHKROGVWKH
WUDQVGXFHUVLQSRVLWLRQGXULQJWKH7&'WHVW
'XHWRWKHDVVRFLDWHGKDOIZDYHOHQJWKOLPLWRIHOHPHQWSLWFK
LQ GHQVH DUUD\ GHVLJQV >@ D IXOO PDWUL[ ' DUUD\ WUDQVGXFHU
ZKLFKKDVFRPSDUDEOHUHVROXWLRQWRD'OLQHDUDUUD\WUDQVGXFHU
ZRXOG UHTXLUH DQ H[WUHPHO\ ODUJH QXPEHU RI HOHPHQWV
8QIRUWXQDWHO\ WKLV LV QRW SUDFWLFDO WR PDQXIDFWXUH )RU WKH
WUDQVGXFHUGHVLJQHGLQWKLVSURMHFWWKHDSHUWXUHVL]HLVVHWWR
FPLQGLDPHWHUWRILWWKHVL]HRIWKHWHPSRUDOZLQGRZ>@$VWKH
VSHHG RI VRXQG LQ WKH EUDLQ LV  PV >@ WKH RSHUDWLQJ
ZDYHOHQJWKZLOO EHPP LIZHRSHUDWHDW D0+]FHQWHU
IUHTXHQF\ZKLFKLVFRPPRQLQVXFKPHGLFDODSSOLFDWLRQV>@,I
WKHWUDQVGXFHULVGHVLJQHGZLWKHOHPHQWVSDFLQJDSSURDFKLQJWKH
KDOIZDYHOHQJWK OLPLW WKHUH ZRXOG EH WKRXVDQGV RI HOHPHQWV
ZLWKLQWKHDSHUWXUH+RZHYHUWKLVSUHVHQWVDKXJHFKDOOHQJHIRU
ERWKPDQXIDFWXULQJDQGFRQWUROOLQJWKHDUUD\2QHZD\WRUHGXFH
WKHQXPEHURIHOHPHQWVLVE\XVLQJD'VSDUVHDUUD\WUDQVGXFHU
ZKLFK LI GHVLJQHG FRUUHFWO\ FDQ DFKLHYH XVHIXO LPDJLQJ
FDSDELOLW\ZKLOHXVLQJPXFKIHZHUHOHPHQWV
7KLVSDSHUGHVFULEHVWKHGHVLJQRIDQHZEHVSRNH'VSDUVH
DUUD\WUDQVGXFHUZKLFKFRXOGEHXWLOL]HGDVSDUWRIRXUSURSRVHG
HUJRQRPLF7&'V\VWHP7KUHHVSDUVHDUUD\FRQILJXUDWLRQVKDYH
EHHQVWXGLHGXVLQJD')DVW)RXULHU7UDQVIRUP))7WRSUHGLFW
WKHIDUILHOGGLUHFWLYLW\IXQFWLRQRIWKHDUUD\FRQILJXUDWLRQ7KH
SHUIRUPDQFHRIHDFKSURSRVHGDUUD\FRQILJXUDWLRQLVHYDOXDWHG
XVLQJ WZR SDUDPHWHUV 3HDN 6LGH/REH YDOXH 36/ DQG
,QWHJUDWHG 6LGH/REH 5DWLR ,6/5 %DVHG RQ WKH VLPXODWLRQ
UHVXOWVDORJVSLUDODUUD\FRQILJXUDWLRQKDVEHHQLGHQWLILHGDVD
SURPLVLQJ DUUD\ GHVLJQ DQG PDQXIDFWXUHG XVLQJ D &RPSRVLWH
(OHPHQW &RPSRVLWH $UUD\ 7UDQVGXFHU &(&$7 IDEULFDWLRQ
DSSURDFK>@
,, 0(7+2'2/2*<
$ 6SDUVH$UUD\&RQILJXUDWLRQV
$UUD\VZKRVHHOHPHQWSLWFKLVODUJHUWKDQKDOIWKHRSHUDWLQJ
ZDYHOHQJWK RI WKH GHYLFH DUH NQRZQ DV VSDUVH DUUD\V >@
&RPSDUHGWRGHQVHDUUD\VVSDUVHDUUD\VDUHOHVVH[SHQVLYHDQG
HDVLHU WR IDEULFDWHEHFDXVHRI WKHUHGXFHGQXPEHURIHOHPHQWV
ZLWKLQWKHIL[HGDSHUWXUH+RZHYHUWKHLQFUHDVHGHOHPHQWSLWFK
OHDGVWRWKHLQWURGXFWLRQRIDKLJKHUVLGHOREHOHYHOZKLFKFDQ
UHVXOW LQ SRRUHU LPDJH FRQWUDVW $FFRUGLQJ WR WKH HOHPHQW
SDWWHUQVSDUVHDUUD\VFDQEHFDWHJRUL]HGDVSHULRGLFVSDUVH
DUUD\VRUDSHULRGLFVSDUVHDUUD\V
3HULRGLFVSDUVHDUUD\VDUHHDVLHUWRGHVLJQDQGPDQXIDFWXUH
EXWDUHPRUHOLNHO\WRVXIIHUIURPKLJKHUVLGHOREHOHYHOVRUIRUP
JUDWLQJ OREHV EHFDXVH RI WKH HQKDQFHG LQWHUDFWLRQ EHWZHHQ
HOHPHQWV>@+HQFHDQDSHULRGLFDSSURDFKLVDGRSWHGKHUH
7KUHH DSHULRGLF VSDUVH DUUD\ FRQILJXUDWLRQV KDYH EHHQ
FRQVLGHUHG DQG VLPXODWHG D UDQGRP DUUD\ D VXQIORZHU VSLUDO
DUUD\ DQG D ORJ VSLUDO DUUD\ )LJXUH  LOOXVWUDWHV H[DPSOHV RI
WKHVH DUUD\ FRQILJXUDWLRQV7KH UDQGRP DUUD\ FRQILJXUDWLRQ LV
HDV\ WR GHVLJQ ZLWKRXW IRUPLQJ JUDWLQJ OREHV DV LW EUHDNV WKH
LQWHUDFWLRQEHWZHHQHOHPHQWVZKLFKFRPHVIURPWKHSHULRGLFLW\
)LJ 7KUHHVSDUVHDUUD\FRQILJXUDWLRQVZKLFKKDYHEHHQVLPXODWHGLQWKLV
SURMHFWDUDQGRPDUUD\EVXQIORZHUVSLUDODUUD\DQGFORJVSLUDODUUD\
$UDQGRPDUUD\FDQEHVLPXODWHGLQWKHIROORZLQJVWHSV
 6HW WKH PLQLPXP GLVWDQFH ̴݈݁݁݌݅ݐ݄ܿ  EHWZHHQ DUUD\
HOHPHQWVWRDYRLGRYHUODSSLQJ
 5DQGRPO\SODFHWKHGHVLUHGQXPEHURISRLQWV1RQD
UHFWDQJXODUDSHUWXUHRIPPGLPHQVLRQ
 5HPRYH WKH SRLQWV ZKLFK DUH RXWVLGH RI WKH PP
GLDPHWHUFLUFXODUDSHUWXUH
 &DOFXODWHWKHGLVWDQFHEHWZHHQHDFKSDLURISRLQWV,IWKH
GLVWDQFH LV VPDOOHU WKDQ̴݈݁݁݌݅ݐ݄ܿ  UHPRYH WKH SRLQW
ZKLFKLVJHQHUDWHGODWHU
 ,I WKH QXPEHU RI SRLQWV UHPDLQLQJ LQ WKH FLUFXODU
DSHUWXUH0LVIHZHUWKDQ1SODFHDQRWKHU10SRLQWV
DQGUHSHDWVWHSWRVWHSXQWLO0HTXDOVWR1
7KHVXQIORZHU VSLUDODUUD\ LVD VSHFLDO)HUPDW VSLUDODUUD\
ZKRVH SRODU DQJOH LV HTXDO WR LQWHJHU PXOWLSOHV RI WKH JROGHQ
DQJOHF>@7KHPDWKHPDWLFDOIRUPRIWKHVXQIORZHUDUUD\LV
 ݎ௡ ൌ ܽඥߛ௡ ൌ ܽξ݊ܿܿ ൌ ʹǤͶݎܽ݀ 
ZKHUH݊LV WKH QWK SRLQW LQ WKH VXQIORZHU VSLUDO DUUD\ݎLV WKH
UDGLDO GLVWDQFH DQG ߛ LV WKH SRODU DQJOH ܽ LV D FRQVWDQW
SDUDPHWHUUHODWLYHWRWKHVKDSHRIWKHVXQIORZHUVSLUDODUUD\>@
7KHSURFHVVWRJHQHUDWHWKHVXQIORZHUVSLUDODUUD\FDQEHGLYLGHG
LQWRIROORZLQJVWHSV
 6HW WKH PLQLPXP GLVWDQFH ̴݈݁݁݌݅ݐ݄ܿ EHWZHHQ DUUD\
HOHPHQWVWRDYRLGRYHUODSSLQJ
 *HQHUDWH D VXQIORZHU DUUD\ ZLWK GHVLUHG QXPEHU RI
HOHPHQWV1
 )LQG WKH PLQLPXP GLVWDQFH EHWZHHQ WKHVH HOHPHQWV
̴݈݁݁݌݅ݐ݄ܿ௥௘௔௟ ,I ̴݈݁݁݌݅ݐ݄ܿ௥௘௔௟ LV QRW VPDOOHU WKDQ ̴݈݁݁݌݅ݐ݄ܿ  WKHJHQHUDWLRQSURFHVVFRXOGEHVWRSSHG2WKHUZLVHH[SDQG
WKHZKROHDUUD\WRPDNHWKHPHTXDO
 $IWHUH[SDQVLRQUHPRYHDQ\SRLQWVWKDWIDOOVRXWVLGHRI
WKHPPGLDPHWHUFLUFXODUDSHUWXUH
$ORJVSLUDODUUD\ZKLFKFRQVLVWVRIRQHRUVHYHUDODUPVFDQ
EHH[SUHVVHGDV
 ݎ ൌ ܽ݁௕ሺఊାఏሻ 
:KHUHݎDQGߛDUH WKH UDGLDO GLVWDQFH DQG WKH SRODU DQJOH
UHVSHFWLYHO\ܽ DQGܾ DUH FRQVWDQW SDUDPHWHUV DVVRFLDWHG ZLWK
WKHVKDSHRIWKHDUUD\DQGߠLVWKHURWDWLRQDODQJOHEHWZHHQWZR
DGMDFHQWDUPV$VLQGLFDWHGLQPRUHSDUDPHWHUVDUHUHTXLUHG
WR JHQHUDWH D ORJ VSLUDO DUUD\ FRPSDUHG WR WKH RWKHU WZR
FRQILJXUDWLRQV7KXVRQFHWKHSDUDPHWHUVDUHIL[HGWKHOD\RXW
RIORJVSLUDODUUD\LVIL[HG7KHSURFHVVFDQEHH[SUHVVDV
 6HWWKHPLQLPXPSLWFKEHWZHHQDUUD\HOHPHQWVDORQJWKH
VDPHVSLUDODUP
6HW SDUDPHWHUV LQFOXGLQJ WKH QXPEHU RI VSLUDO DUPV
ZLWKLQWKHDUUD\WKHQXPEHURIHOHPHQWVZLWKLQHDFKDUP
DQGWKHFRQVWDQWSDUDPWHWHUE
*HQHUDWH WKH ORJ VSLUDO DUUD\ EDVHG RQ WKH SDUDPHWHUV
VHOHFWHGLQVWHS
5HPRYHWKHSRLQWVZKLFKIDOORXWVLGHRIWKHPPFLUFXODU
DSHUWXUH0RGLI\ELIWKHHOHPHQWVLQWKHLQQHUFLUFOHVDUH
RYHUODSSHG
3ODFHDQDGGLWLRQDOHOHPHQWLQWKHFHQWHURIWKHORJVSLUDO
DUUD\WRKHOSWKHRULHQWDWLRQRIWKHXOWUDVRXQGEHDPZKLOH
KDYLQJPLQLPDOLQIOXHQFHRQWKH36/DQG,6/5>@
7KHWZRVSLUDODUUD\VDYRLGWKHSHULRGLFSDWWHUQRIHOHPHQWV
ZKLOH DOORZLQJ PRUH FRQWURO RYHU HOHPHQW SRVLWLRQLQJ 7KH
VSLUDOSDWWHUQVKDYHEHHQVWXGLHG WR IRUP'VSDUVHDUUD\VE\
PDQ\SURMHFWVDQGDFKLHYHGSRVLWLYHUHVXOWV>@>@
% &RPSRVLWH(OHPHQW$UUD\&RPSRVLWH7UDQVGXFHU
&(&$76WUXFWXUH
7KH &RPSRVLWH (OHPHQW &RPSRVLWH $UUD\ 7UDQVGXFHU
&(&$7 LV D SLH]RFRPSRVLWH FRQILJXUDWLRQ ZKLFK ZDV
GHVLJQHGWRLPSURYHWKHIOH[LELOLW\RIWUDGLWLRQDODUUD\WUDQVGXFHU
WHFKQRORJ\ XVLQJ FRQYHQWLRQDO  FRQQHFWLYLW\ FRPSRVLWH
DFWLYH OD\HU >@ (OHPHQWV LQ WKH &(&$7 FRQILJXUDWLRQ DUH
LQGLYLGXDO SLH]RFRPSRVLWHV FRQVLVWLQJ RI SLH]RHOHFWULF ILEHU
PDWHULDOHPEHGGHGLQDSRO\PHUSKDVH>@+RZHYHUWKHRYHUDOO
FHUDPLF YROXPH IUDFWLRQ RI WKH DUUD\ GHYLFH LV ORZHU WKDQ D
FRPSDUDEOHSLH]RFRPSRVLWHDUUD\GXHWRWKHIDFWWKDWRQO\
WKH DUUD\ HOHPHQWV FRQWDLQ DFWLYH SLH]RFHUDPLF PDWHULDO 7KH
SLH]RHOHFWULF ILEHUV DUH UDQGRPO\ SODFHG ZLWKLQ WKH DUUD\
HOHPHQWDUHDDQGWKHH[SHULPHQWDOUHVXOWVGHPRQVWUDWHWKDWWKLV
UDQGRP ILEHU VWUXFWXUH FDQDFKLHYH VLPLODUSHUIRUPDQFHZKHQ
FRPSDUHG ZLWK WKH FRQYHQWLRQDO GLFHDQGILOO VWUXFWXUH >@
)XUWKHUPRUHWKHUDQGRPILEHUVWUXFWXUHFDQKHOSUHGXFHLQWHU
SLOODUPRGHVDVLWEUHDNVWKHSHULRGLFLW\RIWKHFRQYHQWLRQDO
SLH]RFRPSRVLWHPLFURVWUXFWXUH7KHPDQXIDFWXULQJSURFHVVIRU
ILEHU&(&$7LVVLPSOHUFRPSDUHGWRWKHFRQYHQWLRQDOGLFHDQG
ILOOPHWKRGDQGPRUHWKDQRQHDFWLYHOD\HUFDQEHPDGHIURPD
VLQJOHPDQXIDFWXULQJSURFHVV>@
& 3HDN6LGHOREH/HYHO36/DQG,QWHJUDWHG6LGHOREH/HYHO
,6/5
7ZR PHWULFV NQRZQ DV 3HDN 6LGHOREH /HYHO 36/ DQG
,QWHJUDWHG 6LGHOREH /HYHO ,6/5 DUH XVHG WR HVWLPDWH WKH
SHUIRUPDQFH RI WKH DUUD\ FRQILJXUDWLRQV LQ WHUPV RI WKHLU
LPDJLQJ FDSDELOLW\ 7KHVH WZR SDUDPHWHUV UHIOHFW WKH UHODWLYH
UHODWLRQVKLS EHWZHHQ WKH PDLQOREH DQG WKH DVVRFLDWHG VLGH
OREHV 36/ LV GHILQHG DV WKH UDWLR RI WKH PD[LPXP VLGHOREH
YDOXHWRWKHPD[LPXPPDLQOREHYDOXH,6/5LVGHILQHGDVWKH
UDWLRRIWKHWRWDOHQHUJ\FRQWDLQHGRXWVLGHWKHPDLQOREHVLGH
OREHVDUHDWRWKHHQHUJ\FRQWDLQHGLQVLGHWKHPDLQOREH7KHVH
WZRSDUDPHWHUVFDQEHH[SUHVVHGXVLQJ
 ܲܵܮ ൌ ʹͲ ଵ଴ሺܣ௦Ȁܣ௠ሻ 
 ܫܵܮܴ ൌ ͳͲ ଵ଴ሺܧ௦Ȁܧ௠ሻ 
ZKHUHܣDQGܧ VWDQG IRU WKH DPSOLWXGH DQG WKH HQHUJ\ LQ WKH
OREHVUHVSHFWLYHO\7KHVLGHOREHLVUHSUHVHQWHGE\VZKLOHWKH
PDLQOREHLVUHSUHVHQWHGE\P
%RWK36/DQG,6/5DUHUHODWHGWRWKHTXDOLW\RILPDJHZKLFK
FRXOGEHDFKLHYHGE\DQXOWUDVRQLFWUDQVGXFHU7KH\UHIOHFWWKH
DELOLW\RIWKHLPDJLQJV\VWHPWRLGHQWLI\WKHWDUJHWLQWKHPDLQ
OREHSDWKLQWKHSUHVHQFHRIWDUJHWVRUVFDWWHUVLQWKHVLGHOREHV
SDWKV+LJK36/RU,6/5YDOXHVFRXOGLQGLFDWHDSUREOHPZKHQ
WKHWDUJHWLQWKHPDLQOREHSDWKLVZHDN>@RUZKHQLPDJLQJ
ORZ FRQWUDVW PDWHULDOV >@ 7KXV DQ DSSURSULDWH WUDQVGXFHU
VKRXOGKDYHDORZ36/YDOXHDVZHOODVORZ,6/5
7R FDOFXODWH 36/ DQG ,/65 LW LV QHFHVVDU\ WR SUHGLFW WKH
SURSDJDWLRQ RI XOWUDVRXQG ZDYHV LQ WKH LPDJLQJ PDWHULDO
0HWKRG VXFKDV WKH +X\JHQV¶ WKHRU\ >@ DQG WKH 5D\OHLJK¶V
LQWHJUDO >@FRXOGEHXVHG7KHVHPHWKRGV HLWKHUDVVXPH WKH
SLH]RHOHFWULF HOHPHQW DV D SRLQW VRXUFH RU DQ LQWHJUDO RI
GLIIHUHQWLDO SODQHV %RWK RI WKHP UHTXLUH D ODUJH QXPEHU RI
RSHUDWLRQV ZKLFK FRXOG EH WLPH FRQVXPLQJ 7R UHGXFH WKH
RSHUDWLRQ WLPH LQ WKLV ZRUN D ' )DVW )RXULHU 7UDQVIRUP LV
))7XVHGWRSUHGLFWWKHSURSDJDWLRQRIXOWUDVRXQGZDYHVLQWKH
IDUILHOG DUHD >@ 7KH GLUHFWLYLW\ IXQFWLRQ LV DFKLHYHG E\
DSSO\LQJWKH'))7RQWKHDSHUWXUHIXQFWLRQRIWKHDUUD\>@
,,, 5(68/76$1'',6&866,21
$ 6LPXODWLRQ5HVXOWV
7KHWKUHHVSDUVHDUUD\FRQILJXUDWLRQVVKRZQLQ)LJXUHZHUH
ILUVW PRGHOOHG LQ 0$7/$% XVLQJ D ' ))7 WR SUHGLFW WKH
GLUHFWLYLW\ IXQFWLRQVDVVKRZQLQ)LJXUHE$VH[SODLQHGLQ
6HFWLRQ ,,$ IRU HDFK FRQILJXUDWLRQ D GLIIHUHQW QXPEHU RI
SDUDPHWHUVZHUHUHTXLUHGWRGHVLJQWKHDUUD\VWUXFWXUH$VHWRI
FDQGLGDWH YDOXHV ZHUH FUHDWHG IRU HDFK SDUDPHWHU )RU WKH
SXUSRVHV RI FRPSDULVRQ WKH SDUDPHWHUV FRPPRQ WR DOO DUUD\
FRQILJXUDWLRQVZHUHVHWWRKDYHWKHVDPHFDQGLGDWHYDOXHVIRUDOO
WKH DUUD\ FRQILJXUDWLRQV 7DEOH , OLVWV WKH SDUDPHWHUV DQG
FRUUHVSRQGLQJFDQGLGDWHYDOXHLQWHUYDOV
7$%/(, 3$5$0(7(56$1'&$1','$7(9$/8(6)25($&+$55$<
&21),*85$7,21
3DUDPHWHUV ,QWHUYDO $UUD\7\SH
(OHPHQWUDGLXV 
PP
$OOWKUHHDUUD\
FRQILJXUDWLRQV
0LQLPXPJDSEHWZHHQWZR
HOHPHQWVZLWKLQWKHDUUD\

PP
$OOWKUHHDUUD\
FRQILJXUDWLRQV
1XPEHURIHOHPHQWVZLWKLQHDFK
ORJVSLUDODUP
 /RJ6SLUDO$UUD\
1XPEHURIORJVSLUDODUPV  /RJ6SLUDO$UUD\
&RQVWDQWSDUDPHWHUE  /RJ6SLUDO$UUD\
%\LWHUDWLQJWKURXJKDOOFDQGLGDWHSDUDPHWHUYDOXHVIRUHDFK
FRQILJXUDWLRQ DOO SRVVLEOH VSDUVH DUUD\ SDWWHUQV KDYH EHHQ
VLPXODWHG XVLQJ    DQG  )RU HDFK DUUD\
FRQILJXUDWLRQ WKH 36/ DQG ,6/5 ZHUH FDOFXODWHG DQG VWRUHG
)XUWKHU DQDO\VLV VHOHFWHG WKH GHVLJQ ZKLFK PLQLPL]HG ERWK
SDUDPHWHUV8QIRUWXQDWHO\WKHDUUD\OD\RXWZLWKWKHORZHVW36/
YDOXHKDGDUHODWLYHO\KLJK,6/5YDOXHZKHQFRPSDUHGWRRWKHU
SDWWHUQV ZKLFK KDYH VLPLODU 36/ YDOXHV 7KXV LQVWHDG RI
VHOHFWLQJWKHOD\RXWZLWKWKHORZHVW36/DFRQILJXUDWLRQZLWK
VLPLODU36/EXWORZHU,6/5ZDVVHOHFWHGIRUHDFKFRQILJXUDWLRQ
2WKHU IDFWRUV VXFK DV WKH PDQXIDFWXULQJ FRPSOH[LW\ DQG
SUDFWLFDOUHDOL]DWLRQIHDVLELOLW\DUHDOVRWDNHQLQWRDFFRXQW7KH
36/ DQG ,6/5 YDOXHV RI WKH VHOHFWHG SDWWHUQ IRU HDFK DUUD\
FRQILJXUDWLRQDUHDVVKRZQLQ7DEOH,,$VVKRZQLQWKH7DEOH
WKH ORJ VSLUDO DUUD\ KDV WKH ORZHVW 36/ ZKLOH WKH VXQIORZHU
VSLUDODUUD\SHUIRUPVWKHEHVWLQWHUPVRI,6/57KHORJVSLUDO
DUUD\ SDWWHUQ LV VHOHFWHG DV WKH ILQDO GHVLJQ ZLWK )LJXUH 
VKRZLQJWKHFRQILJXUDWLRQDQGLWVVLPXODWHGGLUHFWLYLW\IXQFWLRQ
7KHSDUDPHWHUVDUHDPPEDQGɅGHJ7KHUH
DUHHOHPHQWVZLWKLQHDFKDUP
7$%/(,, 36/$1',6/5)25($&+237,0,=('3$77(51
$UUD\7\SH 36/G% ,6/5G%
5DQGRP$UUD\  
6XQIORZHU6SLUDO$UUD\  
/RJ6SLUDO$UUD\  
)LJ D7KHOD\RXWRIWKHVHOHFWHGORJVSLUDODUUD\E'LUHFWLYLW\IXQFWLRQ
RIWKHVHOHFWHGORJVSLUDODUUD\7KH36/LVG%DQGWKH,6/5LVG%
% 0DQXIDFWXULQJRI$FWLYH/D\HUV
7KHVHOHFWHGORJVSLUDODUUD\KDVEHHQPDQXIDFWXUHGDQGDQ
LPDJHRIWKHGHYLFHLVVKRZQLQ)LJXUH$MLJKDVEHHQPDGH
WRKROGWKHILEHUVLQGHVLUHGSRVLWLRQVWRIDFLOLWDWHIDEULFDWLRQ7R
PDNHVXUHDOOWKHILEHUVDUHVXUURXQGHGE\SRO\PHUWRHQVXUHWKH
SLH]RFRPSRVLWHFDQZRUNSURSHUO\WKHYROXPHIUDFWLRQRIHDFK
HOHPHQW LVVHW WREH7KHSLH]RHOHFWULFPDWHULDOVXVHGDUH
PGLDPHWHU3=7$ILEHUV6PDUW0DWHULDO&RUS6DUDVRWD
)/DQGWKHUHDUHILEHUVZLWKLQHDFKPPDUUD\HOHPHQW
7KHMLJZLWKWKHILEHUVZDVSODFHGLQVLGHDUHFWDQJXODUPROGDQG
&,%$*(,*<&<+<HSR[\SRXUHGLQWRWKHPROGDQG
OHIW WR FXUH 7KH FRPSRVLWH ZDV WKHQ PDFKLQHG WR PP
WKLFNQHVVWRDFKLHYHWKH0+]RSHUDWLQJIUHTXHQF\$JLVXVHG
DVWKHPDWHULDOIRUHOHFWURGHVZLWKDWKLQOD\HURI&UHYDSRUDWHG
ILUVWWRLPSURYHDGKHVLRQWRWKHDFWLYHPDWHULDO
& &KDUDFWHUL]DWLRQRI$FWLYH/D\HUV
%HIRUH DSSO\LQJ WKH ORJ VSLUDO HOHFWURGH SDWWHUQ WKH ILEHU
&(&$7 DFWLYH OD\HU ZDV IXOO\ HOHFWURGHG DQG WKH LPSHGDQFH
UHVSRQVHRIWKHDFWLYHOD\HUPHDVXUHG7KHUHVXOWVDUHDVVKRZQ
LQ )LJXUH7KHPHDVXUHG UHVRQDQFH IUHTXHQF\ IRU WKHHQWLUH
DFWLYH OD\HULVN+]ZKLFK LVYHU\FORVH WRWKHGHVLUHG
0+]ZRUNLQJIUHTXHQF\7KHFRXSOLQJFRHIILFLHQWNWLVZKLFKLQGLFDWHVWKHDFWLYHOD\HUVKRXOGKDYHDSSURSULDWHHQHUJ\
FRQYHUVLRQFDSDELOLW\
)LJ 7KHVHOHFWHGORJVSLUDODUUD\PDQXIDFWXUHGXVLQJ&(&$7
FRQILJXUDLRQD$FWLYHOD\HUEHIRUHDGGLQJHOHFWURGHVE$FWLYHOD\HU
DIWHUDGGLQJHOHFWURGHV
1H[WWKH&(&$7ZDVHOHFWURGHGDVD'DUUD\DVLOOXVWUDWHG
LQ )LJ E XVLQJ HYDSRUDWLRQ WKURXJK D PDVN DQG WKHQ WKH
YLEUDWLRQRIWKHDFWLYHSLH]RFRPSRVLWHILEHUHOHPHQWVZDVWHVWHG
LQDLUXVLQJD'/DVHU'RSSOHU9LEURPHWHU/'97KHDFWLYH
OD\HU ZDV SODFHG RQDSODWIRUP ZKLFK LV SHUSHQGLFXODU WR WKH
ODVHU VRXUFH FDQ EH PRYHG LQ WKH ODWHUDO GLUHFWLRQV )RU HDFK
DUUD\HOHPHQWWHVWHGWKHDFWLYHOD\HUZDVPRYHGE\WKHSODWIRUP
DQGVFDQQHGXVLQJWKH/'9ZLWKRQO\RQHHOHPHQWEHLQJILUHG
DWHDFKWLPHWRHYDOXDWHWKHFURVVWDONEHWZHHQWKHHOHPHQWV7KH
ZKROH DUUD\ VXUIDFH ZDV VDPSOHG LQWR D VHW RI SRLQWV
FRUUHVSRQGLQJWRWKHPRYLQJVWHSRIWKHSODWIRUP7KHGDWDZDV
WKHQSURFHVVHGXVLQJ+X\JHQV¶WKHRU\WRJHQHUDWHWKHSUHGLFWHG
EHDP SURILOH RI WKH DFWLYH OD\HU 7KH UHVXOWV DUH DV VKRZQ LQ
)LJXUH7KHEHDPSURILOHJHQHUDWHGIURPWKHH[SHULPHQWDOGDWD
KDV VLPLODU VKDSH WR WKH VLPXODWHG UHVXOW 7KH 36/ RI WKH
H[SHULPHQWDOUHVXOWVLVG%7KH,6/5RIWKHH[SHULPHQWDO
UHVXOWVLVG%ZKLFKLVKLJKHUWKDQWKHVLPXODWHG,6/5
G%7KLVLVEHFDXVHGLIIHUHQWPRGHOVDUHXVHGWRUHSUHVHQWWKH
HOHPHQWV ,Q WKH RULJLQDO VLPXODWLRQ SURFHVV DQ HOHPHQW LV
PRGHOOHG DV D VXUIDFH +HUH WKH HOHPHQW LV UHSUHVHQWHG E\ D
FROOHFWLRQ RI PHDVXUHG SRLQWV DQG WKH UHVROXWLRQ RI WKH /'9
JLYHVDURXQGSRLQWVZLWKLQHDFKHOHPHQWDUHD)LJXUHDDQG
E UHVSHFWLYHO\ VKRZ WKH GLUHFWLYLW\ IXQFWLRQV RI WKH DUUD\
VLPXODWHGXVLQJ D PRGHO WR VLPXODWHKDYLQJDQGSRLQWV
ZLWKLQHDFKHOHPHQW$VVKRZQLQWKHILJXUHWKHVLGHOREHOHYHOV
DUH LQFUHDVHG ZKHQ WKH QXPEHU RI SRLQWV LV GHFUHDVHG 7KH
VLPXODWHG,6/5LVG%IRUWKHSRLQWVPRGHODQGG%
IRU WKH  SRLQWV PRGHO 7KXV LI WKH VSDWLDO UHVROXWLRQ LV
LQFUHDVHGWKHVLGHOREHOHYHOVZLOOEHUHGXFHGDQGEHFRPHPRUH
VLPLODUWRWKHVLPXODWLRQUHVXOWVDVSUHVHQWHGLQ6HFWLRQ,,,$
)LJ 7KHPHDVXUHGLPSHGDQFHUHVSRQVHRIWKHILEHU&(&$7DFWLYHOD\HU
7KHVROLGOLQHUHSUHVHQWVWKHLPSHGDQFHZKLOHWKHGDVKOLQHUHSUHVHQWVWKH
SKDVH7KHHOHFWULFFDOUHVRQDQFHIUHTXHQF\LV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7KHGLUHFWLYLW\IXQFWLRQJHQHUDWHGXVLQJPHDVXUHGGDWD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
'LUHFWLYLW\IXQFWLRQVZKLFKDUHJHQHUDWHGXVLQJWKHH[SHULPHQWDOUHVXOWVWKH
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DQGWKHVLPXODWHGUHVXOWV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)LJ 6LPXODWHGGLUHFWLYLW\IXQFWLRQVRIWKHORJVSLUDODUUD\XVLQJWKHVHFRQG
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7KUHH DSHULRGLF VSDUVH DUUD\ FRQILJXUDWLRQV KDYH EHHQ
VWXGLHGLQWKLVSURMHFW7KHVLPXODWLRQUHVXOWVVKRZWKDWWKHORJ
VSLUDODUUD\KDVDQDGYDQWDJHLQWHUPVRIPLQLPL]LQJ36/ZKLOH
WKH VXQIORZHU VSLUDO DUUD\KDV ORZHU ,6/5$ ORJ VSLUDODUUD\
SDWWHUQKDVEHHQVHOHFWHGDVDFRPSURPLVHEHWZHHQRSWLPDO36/
DQG ,6/5 YDOXHV 7KH DFWLYH OD\HU ZLWK VHOHFWHG DUUD\
FRQILJXUDWLRQ KDV EHHQ PDQXIDFWXUHG XVLQJ D ILEHU &(&$7
VWUXFWXUH7KHLPSHGDQFHUHVSRQVHRIWKHDFWLYHOD\HUVKRZVLW
KDVDSSURSULDWHNWDQGZRUNVDWWKHGHVLUHGGHVLJQIUHTXHQF\RI0+]2QHWKLQJQRWLFHGIURPWKHVLPXODWLRQLVWKDW36/RIWKH
ORJVSLUDODUUD\FRQILJXUDWLRQFDQEHIXUWKHUUHGXFHGZLWKWLJKWHU
HOHPHQWSDWWHUQV+RZHYHU WKHWLJKWHUHOHPHQWSDWWHUQVZRXOG
SUHVHQW D VLJQLILFDQW FKDOOHQJH IRU WKH FXUUHQW PDQXIDFWXULQJ
SURFHVVHVSHFLDOO\IRU WKHILEHU&(&$7FRQILJXUDWLRQ7KLV LV
GXHWRWKHIDFWWKDWILEHUVZKLFKEHORQJWRQHLJKERULQJHOHPHQWV
ZLOOOLNHO\EHRYHUODSRUWRXFKDVWKHILEHUVFDQQRWVWD\VWUDLJKW
LQ WKH MLJ 7KLV FKDOOHQJH FRXOG EH VROYHG LI WKH ILEHUHSR[\
FRPSRVLWHFDQEHPDFKLQHGDVDWXEHEHIRUHLQVHUWLQJLQWRWKH
MLJ ,Q VXPPDU\ WKH SURWRW\SH DFWLYH OD\HU KDV GHVLUHG
SHUIRUPDQFHLQWHUPVRIWKHLPSHGDQFHUHVSRQVHDQGWKH36/
7KHPHDVXUHG,6/5VHHPVWREHPXFKKLJKHUWKDQSUHGLFWHGEXW
WKLVLVFDXVHGE\WKHXVHRIGLIIHUHQWPRGHOVIRUGDWDSURFHVVLQJ
DQGWKHORZVSDWLDOUHVROXWLRQXVHGLQWKH/'9WHVW
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